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The variation of maximal respiratory pressures (PImax and Pamax) in healthy subjects were studied on the 
same day in 16 non-smoking healthy men (age 26.2 f 3.2 years). The PImax and PEmax were obtained on 
three occasions (8 a.m., 2 p.m. and 9 p.m.) within the same day. There were no differences between readings 
for Prmax and Pamax values. 
Introduction 
Many pulmonary function parameters have a diur- 
nal variation and change over a 24-h period. This is 
found in healthy subjects (l), but bronchitic and 
asthmatic patients have an increased diurnal vari- 
ation compared to healthy subjects (2). Single-breath 
diffusing capacity of the lung (DLCO) has also been 
reported to decrease during the daytime (3) although 
other authors did not observe such changes (4). 
Maximal inspiratory and expiratory pressures 
(PImax, PEmax) are effort-dependent techniques and 
measure the maximum respiratory muscle force 
developed by all respiratory muscles. These pressures 
may change over a 24-h period and lead to a mis- 
interpretation of the results. The aim of this study 
was to evaluate PImax and PEmax variations within a 
span of 12-h in healthy subjects. 
Materials and Methods 
Sixteen non-smoking healthy men (aged 26.2 & 3.2 
years) participated in the study. A simple spirometric 
test was performed by means of a spirometer 
equipped with a pneumotachograph (Gould 2800- 
IBM System). American Thoracic Society rules were 
followed (5). To measure PImax and Pamax, a rigid 
rubber circular tube (internal diameter 2.5 cm) was 
used. A small hole of 1 mm diameter prevented the 
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generation of pressures by the cheeks with a closed 
glottis. Lips were maintained in an outdrawn posi- 
tion around the tube. The subjects sat comfortably, 
with the trunk at 90” in relation to the legs. The nose 
was blocked with a nose clip. A digital transductor 
(Sibelmed 163) with a range of O-300 cm H,O was 
used. Maximum inspiratory pressure was determined 
from maximal expiration after a deep inspiration. 
Maximum expiratory pressure was determined from 
deep inspiration after maximal expiration. Pressures 
were sustained for more than 1 s. The subject’s lips 
were maintained around the tube with the assistance 
of a trained technician, who manually compressed 
the subjects’ lips around the cylindrical tube. Tests 
were performed at 8 a.m., 2 p.m. and 9 p.m. within 
the same day. Ten manoeuvres were performed for 
PImax and PEmax. The maximal value for each test 
of PEmax, as well as for Prmax were recorded. One 
minute elapsed between each manoeuvre and 10 min 
between Prmax and PEmax readings. The subjects did 
not take any drugs during the study. An ANOVA 
test was performed for paired data to compare the 
different variables studied. 
Results 
Table 1 shows the anthropometric and spirometric 
parameters of 16 subjects. Spirometric values were 
within the normal range (7). Values for Prmax and 
Ramax did not vary between recordings (Table 2). 
Discussion 
This study found that healthy subjects had no 
variations in Prmax and PEmax values over a span of 
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Table I Anthropometric and spirometric values of 16 
healthy subjects 
Age (years) 26.2 f 3.2 
Height (cm) 180.0 f 3.2 
Weight (kg) 18.3 f 6-6 
FVC (1) 6.04 zt 0.7 
FVC (“/) 88.2 f 4.1 
FEV, (1) 5.02 f 0.6 
FEV, (%) 86.6 f 3.2 
FEV,/FVC (%) 82.7 & 6.3 
All values are expressed as mean f SD. 
Table 2 Maximal inspiratory and expiratory pressures 
(Plmax and PEmax) of 16 healthy subjects at 8 a.m., 2 p.m. 
and 9 p.m. of the same day 
Time 8 a.m. 2 p.m. 9 p.m. 
Plmax (cm H,O) 151.2 f 35.2 149.5 * 34.8 144.2 f 27.7 
PEmax (cm H,O 237.6 f 44.3 240.2 f 49.1 240.7 f 50.5 
All values are expressed as mean & SD. 
12 h. Although there was a small decrease of PImax, 
it was not statistically significant. 
Peak expiratory flow (PEF), a spirometric effort- 
dependent parameter, decreases in the early morning 
in normal subjects. In asthmatic patients, the range 
of fluctuation is greater (8). Also, in bronchitic 
patients without asthmatic components, PEF 
decreases during the same day (9). There are some 
processes which alter normal functioning of the 
respiratory muscles by different physiopathological 
mechanisms. These processes which reduce PImax 
and PEmax include chronic obstructive pulmonary 
disease, structural abnormalities of the thorax, and 
several neuromuscular diseases such as amiotrophic 
lateral sclerosis, myasthenia gravis, Guillain-BarrC 
syndrome and muscle dystrophy (10). It has been 
shown that the application of a nocturnal ventilatory 
support in those affected patients improves their 
respiratory function, and also reduces the incidence 
and severity of common complications to these dis- 
eases such as pulmonary hypertension and car 
pulmonale (11). For this reason, maximal respiratory 
pressures are measured in the mechanical ventilation 
monitorization method. Values under 50% reference 
in these patients indicate application of mechanical 
ventilation (12). In mechanically-ventilated patients, 
the variation coefficient of PImax can be very high 
(30%) if the test is performed by different researchers 
on the same day (13). These results indicate that the 
variability of patients with pulmonary diseases and 
respiratory muscle diseases can be greater than in 
normal subjects if PImax and PEmax are measured 
during the same day. The variation coefficient for 
Rmax in the healthy subjects of this study was 0.02% 
and for PEmax was 0.006%. However, even the time 
that the ventilatory support is used by the patients 
with any of the former diseases, can be monitored 
through measuring muscular respiratory strength. 
Thus, there are some studies on patients suffering 
from Guillain-Barr& syndrome which show the neces- 
sity of applying a ventilatory support when the 
PImax values are under 30 cm H,O (14). Although 
the purpose of this study was not to study respiratory 
patients, it could be interesting to verify if a circadian 
rhythm can influence the performance of maximal 
respiratory pressures in these patients. 
In conclusion, healthy subjects do not show vari- 
ations in performance of maximal respiratory 
pressures at different times in the same day. 
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